Purpose: The aim of this study was to evaluate the role of potential autoimmune mechanisms in the pathogenesis of preeclampsia by investigating the coexistence of celiac disease in patients. Material and Methods: Forty women diagnosed with preeclampsia and forty non-complicated pregnant women were enrolled in this prospective, cross-sectional, casecontrol study. Both groups were compared for any allergic disease symptoms, serological markers of celiac disease, total Ig A and total Ig E levels. Two years later, the mothers were questioned about the presence of allergic diseases in their babies.
INTRODUCTION
All over the world, hypertensive disorders complicate 5-10% of all pregnancies 1 . Preeclampsia in human pregnancies is a complex condition that is lifethreatening both for the mother and the fetus. It is characterized by hypertension (systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg, arising after the 20 th week of pregnancy in women, who were previously normotensive), proteinuria (≥300 mg/day), or occasionally end-organ damage. Although they increase the risk of materno-fetal morbidity and mortality, the majority of pregnant women with preeclampsia give birth at full term or near-term periods with favorable outcomes 2, 3 . In developed countries, hypertensive diseases of pregnancy account for 16% of maternal deaths. For example, preeclampsia and eclampsia were found to be responsible from 12% of all pregnancy-associated maternal deaths in 2010 according to the USA data 4 . Several mechanisms, one of which is the immunological factors have been proposed to explain the pathophysiological background of preeclampsia. In an uncomplicated pregnancy, the predominant immune response depends on Th2, while Th1 predominance is observed in pregnancies complicated with preeclampsia.
Celiac disease is an autoimmune, genetic disorder that is characterized by sensitivity to gluten in grains. Malabsorption that causes characteristic intestinal lesions and improves with a gluten-free diet, occurs during the disease. Th1 dominant immune response has been emphasized in celiac disease 5, 6 . The increase in the Th1/Th2 ratio in preeclampsia is similar to that of the celiac disease. Serological assays that are used for a diagnosis of celiac disease include testing for anti-gliadin antibodies IgG and IgA, anti-endomysial antibodies IgG and IgA, tissue transglutaminase antibodies IgG and IgA, and deaminase anti-gliadin antibody. Tests for tissue transglutaminase and antiendomysial antibody IgA are more sensitive and specific for celiac than the other ones 7, 8 . Immunoglobulin E is the principal immunoglobulin in allergic reactions. In the pregnancy period, statistically non-significant minimal changes have been reported in maternal immunoglobulin E levels. Moreover, no significant difference has been observed between trimesters 9 . A study of pregnant women with preeclampsia revealed slightly increased IgE levels in preeclampsia complicated pregnancies compared to the levels in uncomplicated pregnancies 10 .
In the current study, we aimed to evaluate the role of potential autoimmune mechanisms in the pathogenesis of preeclampsia by investigating the coexistence of celiac disease in patients.
MATERIALS AND METHODS
After obtaining the Local Ethics Committee (Date:30/04/2014, No:99950669/212) approval, 40 pregnant women with preeclampsia and 40 healthy pregnant women, who were between 30-40 weeks of gestation and admitted to Zekai Tahir Burak Training and Investigation Hospital between June 2014 and December 2014 were enrolled in the study.
The participants, who provided the informed consents and met the study criteria which were based on preeclampsia diagnostic criteria determined by American
College of Obstetricians and Gynecologists in 2013 11 , were recruited in this prospective cross-sectional study. Gestational age was calculated using the date of the last menstrual period in addition to fetal biometric measurements obtained by gynecologic ultrasound (Aloka Co, Tokyo, Japan). Blood pressures were measured in all study participants, and any systemic symptoms such as headache, visual problems etc. present were noted.
Urinalysis was checked regarding the presence and amount of proteinuria. The presence of proteinuria (≥3 gr/day) with systolic or diastolic blood pressures equal to or above of 140 mmHg and 90 mmHg, respectively, or any sign of end-organ damage established the diagnosis for preeclampsia. Pregnant women, whose blood pressures were within the normal limits set forth and don't have proteinuria were enrolled in the control group. Pregnant women with multiple fetuses, history of autoimmune or chronic diseases such as renal disease, diabetes, and essential hypertension were excluded from the study. 2 pregnant women with preeclampsia were excluded from the study for the reasons described above.
Patients and controls were visited at postpartum 2nd year for physical examinations of the babies concerning any diagnosed disease or allergy symptoms. The presence of diarrhea, weight loss, sneezing attacks, eye redness, skin rash, and allergy history, post-vaccination fever and tooth decay were recorded and compared.
Measurements
Blood pressure was measured on the left arm in the sitting position with the cuff at the level of the heart at least six hours apart by using with a standard sphygmomanometer. In the measurement of diastolic pressure, Korotkoff phase 5 sounds were accepted. The amount of proteinuria in urine samples was evaluated by using H (Lapstrip) neg/+1/+2/+3 with a dipstick, and estimations were converted into mg/dl (between 0 to +1: 30-100 mg/dl, +1 to +2: 100-300 mg/dl, +2 to +3: 300-1000 mg/dl) values with device analyzer (Labumat). +1 value evaluated with dipsticks roughly corresponded to 300 mg/day proteinuria in 24 hours of urine. In order to examine total immünglobulin A, total immunoglobulin E, anti-gliadin antibody Ig A, anti-transglutaminase antibody Ig A, and anti-endomysial antibody IgA kits 4cc whole blood was drawn from the antecubital vein with vacutainer under sterile conditions and transferred to red-capped biochemistry tube. After serum samples were centrifuged for 10 minutes at 4000 rpm, they were stored at -20 °C in the freezer until analysis was performed. Total immunoglobulin A (Sunderibo), total immunoglobulin E (Diametra), anti-endomysial antibody IgA (GenericAssay), antigliadin antibody IgA, and anti-transglutaminase antibody IgA were examined with ELISA method using platinum kits (Immco) following the instructions of the manufacturer.
Results were calculated as EU/ml for anti-gliadin antibody and anti-transglutaminase antibody, U/ml for the anti-endomysium antibody, IU/ml for total immunoglobulin E, and mg/ml for total immunoglobulin A level. For anti-gliadin antibody IgA and anti-transglutaminase antibody IgA, values at or above 25 EU/ml were considered as positive, and those less than 25 EU/ml were as negative. For antiendomysial antibody IgA, values of ≥ at or above 20 U/ml were considered as positive, and those less than 20 U/ml were as negative 12 .
Statistical analysis
For statistical analysis of data, IBM SPSS Statistics 21.0 version (IBM Corp. Released 2012. IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY: IBM Corp.) software package and R program "ltm" was used. Graphics were drawn with Microsoft Excel 2013. The conformity of continuous measurements to the normal distribution was examined by the Shapiro Wilk test. Normally distributed variables are expressed as mean ± standard deviation (mean ± S); the non-normally distributed variables are expressed as median (IQR: Inter-quartile range). Minimummaximum (Min-Max) values are given for all continuous variables. The categorical variables are presented as number (%). Mann-Whitney U test or independent sample t-test was used for comparing numerical variables such as results of biochemical and serological assays that were obtained from patient and control groups. The categorical variables were examined using the Chi-square tests. More than two numerical variables were compared using the Kruskal-Wallis Test. The Mann-Whitney U test with Bonferroni correction was used for multiple pairwise comparisons. The correlations between serological markers and laboratory measurements were tested by calculating the Spearman rho coefficient or point double line correlation coefficient. A p value less than 0.05 was considered statistically significant. Although the statistical power of this study was low for serologic markers except for Ig E, we used a two-way ANOVA test while calculating the power analysis. In order to estimate the statistical power, we used the mean total serum IgE levels (100.93±121.92 IU/ml in the patient group, and 43.65±69.07 IU/ml in the control group) on a sample size of n=40 for each group, and accepting 95% confidence interval with an α error value of 0.05. The resulting P (Statistical Power) was found to be 0.7235531.
RESULTS
Mean age of patients and controls included in the study were similar (28.40±4.67 years vs. 28.28±5.08 years, respectively, t=0.115, p=0.909, Table 1 ). The study groups were similar regarding median body mass index (BMI) (30.82 (IQR=6.02) vs. 29.83 (IQR=5.54). respectively, Z=0.669, p=0.504). There was no difference in the rates of smoking between the patient and the control groups. The rate of smoking was similar between the patient and control groups (n=5, 12.5% and n=4,10.0%, p=1,00).
When the study groups were compared for clinical parameters, such as celiac symptoms, allergy status, screening test results, and comorbid diseases, no significant differences were observed between study groups (p>0.05, for each parameter). The number of leukocyte subtypes, such as neutrophils, monocytes, eosinophils, and basophils was counted, and no significant difference was observed between the patient and control groups ( Table 2) . Table 4 ). Patients and control groups were divided into four subgroups according to the presence of gastrointestinal symptoms of the celiac disease. The subgroups were compared in terms of serum markers (Table 5 ). While there was no statistically significant difference between groups in terms of anti-gliadin, anti-endomysial and anti-transglutaminase antibodies (p>0.05); there was a significant difference in serum total IgA and total IgE values (p<0.05, for both). In pairwise comparisons, we found that the serum total IgA values were lower in ten patients with celiac symptoms compared to patients without celiac symptoms and also controls with or without celiac symptoms. Besides, serum total IgE values were significantly higher in patients without celiac symptoms than those of the healthy controls without celiac symptoms (p<0.05). There was no significant difference in other pairwise comparisons for other parameters. While diagnosis and symptoms of celiac disease, allergic dermatitis, and allergic rhinitis were present in none of the babies; there were wheezing in the offspring of the women in control groups, but the difference was not statistically significant (p=0.241).
DISCUSSION
Preeclampsia is a disease of pregnancy leading to maternal and fetal complications. Since the only treatment of preeclampsia is delivery, studies about the physiopathology and predicting factors of the disease are still ongoing. We hypothesized that allergic and autoimmune disorders could occur together with preeclampsia, so we explored the signs and symptoms of allergic disease in preeclampsia patients 10 . Th1/Th2 ratio increase, which is also a finding in celiac disease, is also reported in preeclampsia patients. Based on this similarity between the two diseases, we specifically chose to examine the symptoms and findings of celiac disease in preeclampsia patients; however, we also evaluated the presence of other autoimmune, allergic diseases, such as allergic rhinitis, allergic conjunctivitis, allergic asthma, and atopic dermatitis, in the current study.
No significant difference was found between patient and control groups in terms of serum markers of celiac disease including anti-gliadin IgA, antiendomysial antibody IgA, anti-transglutaminase IgA, and total IgA. The IgG fraction of serological markers was not evaluated since none of the subjects had low serum IgA levels. We found that total serum IgE level was significantly higher in the patient group. When we tested the correlation between some biochemical measurements and markers, we found a weak negative relationship between the amount of proteinuria and total serum IgA level. On the contrary, there was a weak positive correlation between the amount of proteinuria and total serum IgE level. Furthermore, a weak positive correlation was found between the presence of celiac gastrointestinal symptoms and the serum levels of total IgA and total IgE. IgE, which represents the main immunoglobulin of allergic reactions, was significantly higher in the preeclampsia group 13 . We suppose that preeclampsia risk might be increased in allergic individuals. However, as emphasized in a study comparing total serum IgE levels of pregnant women carrying male fetuses with those carrying female fetuses, maternal IgE levels were higher in pregnant women compared to non-pregnant women 13 . Moreover, in the context of immunological hypothesis in preeclampsia pathophysiology, it is not clear whether an increase in serum IgE level is a response of the immune system in preeclamptic pregnant, or not. In a case-control study conducted in Norway, it was demonstrated that total IgE level in maternal serum had a weak positive relationship with the risk of preeclampsia development 10 . Since it was a weak relation, it might be due to variations in the storage conditions of participants' sera 14 . In the current study, we paid full attention to maintain appropriate storage conditions for samples and analyzed them in the possible shortest time, so the significant relationship we found in the current study carries none to negligible technical bias.
Based on our study results, rather than concluding associations between increased serum total IgE levels in preeclamptic patients with potential asthma or atopy, advancing our studies for investigating mechanisms of the multi-directional relationships among allergy, preeclampsia, and IgE would be more of benefit for elucidating the pathogenesis of preeclampsia.
In our study, we did not find an increase in the number of allergic disease in the off-springs of women with preeclampsia. In a previous study, atopy in the adolescent period was investigated in children of born to preeclamptic women, and it was found that the risk of severe atopy was increased particularly in boys 15 .
The course of pregnancy in celiac disease has been addressed in previous studies. Some of them have reported higher termination rates, abortion, low birth weight, intrauterine growth retardation compared to healthy pregnancies 16, 17 . In a study on celiac serology in small for gestational age (SGA) and preeclamptic pregnancies, both transglutaminase and endomysium antibody positivity were observed in SGA and preeclampsia groups in only one patient, and no significant relationship could be demonstrated 18 . In this respect, this result was in accordance with the celiac data in our study. In another study evaluating the pregnancy and fertility status of women with celiac disease, it was shown that maternal age was significantly high, and abortion and cesarean rates were slightly increased. However, the rates of operative delivery, breech presentation, preeclampsia, postpartum hemorrhage, ectopic pregnancy, stillbirth, and termination were reported to be similar to the proportions of the normal population 19 . In a meta-analysis from Italy, the reproductive status of celiac patients was decreased, and the risk of unexplained infertility, recurrent abortion and intrauterine growth retardation (IUGR) was significantly higher in celiac patients. In addition, the rates of preterm labor and SGA were increased compared to the healthy population. However, there was no increase in the risk of stillbirth and preeclampsia.
Anti-transglutaminase antibody screening in unexplained infertility, IUGR, and recurrent abortion might be recommended, but there was not sufficient evidence to justify serology screening in preeclampsia and SGA deliveries 20 .
In the metanalysis published by Saccone et al. in 2015, it was demonstrated that preterm delivery, IUGR, and SGA risks were significantly higher in pregnant women with celiac disease compared to healthy population, while there was no difference in the incidence of preeclampsia 21 . In a study from Turkey, antithyroglobulin, antimicrosomal antismooth muscle, antimitochondrial, antinuclear, antigastric parietal call and anti-thrombocyte antibodies were investigated in 49 cases with pregnancyassociated hypertension, 8 of whom had antibody positivity (16.3%), which was a rate lower than reported in the literature. And it was reported that according to these results, autoantibodies have no prognostic significance in pregnancy-associated hypertension and treatment was not warranted for them 22 . In the present study that assessed celiac serological markers in preeclamptic pregnant women, there was no relationship between celiac disease and pregnancy, which is a consistent finding with the literature. In the power analysis of the relationship between celiac serological markers and total IgA, statistical power was found to be low due to the small number of cases. As it is a screening study, it should be supported with further, large-scale studies.
In the present study, our results regarding biological markers support immunopathogenesis in preeclampsia and draw attention to the possible coexistence of preeclampsia and autoimmune diseases indicating the potential common immunological pathways in pathophysiology. Although these findings are promising, further largescale, randomized controlled clinical studies would clarify the role, reliability, and efficacy of these markers in the pathogenesis of preeclampsia.
